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PREPARATION OF TYPE H PNEUMOCYTES 
All documents cited herein are incorporated by reference in their entirety. 
TECHNICAL FIELD 

This invention is in the field of lung biology, and more particularly alveolar epithelial cells. 

5 BACKGROUND ART 

The epithelium of the distal lung is highly specialised and is composed mainly of type I and type H 
pneumocytes. Type I alveolar epithelial (AEl) ceUs are particularly susceptible to damage and, 
foUowing their loss during conditions of peripheral lung injury or disease, type H cells undergo a 
compensatory mechanism of proliferation and differentiation to a type I phenotype [1]. The alveolar 
10 type n (AE2) ceD is also responsible for the synthesis and secretion of pulmonary surfactant, a 
complex mixture of phospholipids and proteins {e.g. surfactant protein C [2,3,4]) known to be critical 
for reducing suri'ace tension at the air-liquid interface. Thus, type H cells are crucial to the natural 
regenerative process of the peripheral, gas-exchange component of the lung, and they have been 
described as defenders of the alveolus [5]. 

15 Because of their importance, the purification of AE2 cells has previously been the topic of active 
research. Reference 6 describes techniques for isolating and purifying AE2 cells from lung tissue. 
The purified cells are said to be usefiil for bioassay systems to monitor the effects of occupational or 
environmental pollutants on alveolar pneumocytes. and for studying tfie etiology of pulmonary 
disease in the alveolar region of the lung. 

20 Other methods for purifying AE2 cells from lungs are described in references 7 to 10. Reference 9 
suggests the transplantation of cells capable of regenerating lung alveolar surface for stimulating the 
growth of lung alveolar surface in patients. 

AE2 cells thus have great potential both for therapeutic use and for investigating lung biology. 
Human cells are, however, in short supply as they can be prepared only fi-om donated lung tissue. 
•5 Lung tissue which is surgically removed is normally diseased in AE2 cells and thus cadavers are tiie 
only realistic supply. It is an object of the invention to provide efBcient methods for producing AE2 
cells which do not require lung tissue donation or the use of cadavers. 

DISCLOSURE OF THE INVENTION 

The invention is based on the finding tiiat embryonic stem cells can be induced in culture to form 
0 cells which express surfactant protein C (SPC), which is a characteristic marker for AE2 cells [11], 
thereby offering a convenient and abundant supply of material for study and transplant 

Thus the invention provides a process for causing a stem cell to differentiate into a cell which 
expresses surfactant protein r, th» p — ^^^mpri-rinn thr -tn ps of: fa) culturinp the stem cell to g ivP. 



an embryoid body; and (b) culturing tiie embiyoid body under conditions which cause it to 
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_c . » r* «spr*^ cells fonned in this way can then 

differentiate into cells which express surfactant protein C.SPC cells ronn 

be iecovra«d from the culture medium. 
Differentiation metltods 

S»p (a) o, *e process of .he i„ve„«o„ invoWes *e fonnation of embryoid bodies (BBs).^J« 
«lgates of cells which ^ formed when em6„omc sum (ES) cells, embryomc g«m (EG) ceBs. 
i^b^onal carcinoma (EC) cells are grown in suspension c«l«re (.:«. when pla«d on a 
non-adhesive surface). They are widely recognised in fte a-, and can be p^^duced-rou^el, le.,. refs. 
12 to 15] from both human le.g. refs. 16 to 21] and mouse ceUs. 

to step (a), stem cells wfll typicaUy be gtown initially in suspension culture (..j. in a vessel which 
m Lour cen auachment, such as a petri dish), but during step (a) EBs will S-era^'^ 
!rr^ a»d adherent. Techniques such as microbead culture (15) may also be used. A typ.c.1 
starting concentration is an>und 5x10* ceUs per 10ml of coltore raedtmn. 

If starting stem ceUs ate in adherent cultute. ftey must be disengaged prior to step (a). S^nted 
methods involving ^ ^ of enzymatic treamtent (.«. v^th trypsin, papatn, collagenase «c.), 
meuioub juYuiY B . , , . / TSTVTA vcrVA etc ) etc. can be used to 

mechanical disaggregation and/or metal ion chelators {e.g. EDTA, EGTA etc.) 

disengage the cells. 

Taldng time «ro as time at which culmre conditions a« changed to favour EB formation i,.,. 
Imll of LIF for murine ES ceUs), st^ (a) will genially las. b«ween 15 and 60 days, m^ 
4"c* a. least 25 days (.... at least around 28-35 days). I^ger periods o, oulmte fav^ the 
20 development of endoderm, from which lung epiSielium denves. 

Step (a) may be performed in the presence or absence of senm>. If serum is no. use4 a serum 
XL. may be used insiead. The absence of serum avoids «.e introduction of undefined o^ 

factors Lch may promote the formation of „on-AB2 cell types. Its absence .s.not 
however, and a typical medium for use in step (a) is 0-MEM supplemented wrth serum, glutamtne. 
2-me,captoett,anol and antibiotics. Fresh medimn may be supplied dunng stq. (a). 
6, SKP (b) BBS differentiate in«. SPC™ cells. SPC™ cells may develop wi.h low efficiency in 
IZ Ig *e same medium as used in step (a, U. when steps (a) and (b, are separate phases of 
Single continuing culture process. Mow inherent differentiation - 
acceptable when oti^ techni^es (.... lineage selection or cell ennchment as d^cnbed b^w) a^ 
used but i. is preferred » increase differentiation efficiency by subjecting .he BBs ^om s^^a^o . 
sui.a;,e differentiation conditions e.,. exposu-e .o suitable differentiation factors. Such fa^. v^U 
„ be added to the medium in which ti,e EBs a. already being " — ^ 

»el,, ti,e EBS may be transferred into a new medium fbr exposun^ » ti,e ^^-^^ 
new mediul may be based on*e same or diff^nt b«£medium_.s^jn W-.l^^f^"!. 
'ar^Ioiriansfet^ed. they will first be disengaged as descnbed above. 
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E}q>osure to 'SAGM' medium has been found to be particularly effective for causmg differentiation 
in step (b). SAGM medium is part of the Small Airway Epithelial Cell Growth Media System 
suppUed by. Qonetics [22] for the culture of small airway epitheUal cells (SAECs). SAGM consists 
of a serum-ftee basal medium ('SABM') supplemented with: BPE (bovine pituitary extract), 
5 hydrocortisone, hEGF (human recombinant epidomal growth factor), epinephrine, transferrin, 
insulin, retinoic add, triiodothyronine, gentamicin, amphotericin-B and BSA-FAF (bovine serum 
albumin-fatty acid free). The medium generally has a pH in the range 7.4-7.6 and an osmolaUty of 
255-265 mOsm/kg. 

Factors which may be used in step (b), either singly or in combinations, are thus: pituitary extracts 
10 {e.g. a bovine pituitary extract), steroid hormones (e.g. hydrocortisone, or a salt thereof such as the 
acetate), growth factors {e.g. epidermal growth factor, preferably human form), catecholamines {e.g. 
epinephrine, either in racemic or enantiomeric form), iron-binding proteins {e.g. a transferrin), 
insulin, vitamins {e.g retinoic add), thyroid hormones {e.g. triiodothyronine), serum albumins {e.g. 
bovine or human serum albumin, including recombinant preparations), antibiotics {e.g. 
15 aminoglycoside antibiotics, such as gentamicin), and/or antifungals {e.g. amphotericin-B). Optimum 
sub-combinations of these components can easily be determined by culturing EBs in their presence 
and assessing the effect on differentiation towards a SPC*^" phenotype, as described in the examples 
below. Other growth factors which may be used include: fibroblast growth factor 1 (FGF 1); FGF 7 
(also known as keratocyte growth factor); FGF 10; and hepatocyte growth factor. .. 

20 Preferred media for use in step (b) include epidermal growth factor. The medium may lack retinoic 
acid, pituitary extract and/or epinephrine. 

It is suiprising that SPC*"* cells develop in the presence of hydrocortisone as this hormone has 
previously been reported to suppress SPC gene expression in AE2 cells [23]. 

As in step (a), cells are preferably grown in serum-free medium in step (b) and, if serum is not used. 
25 a serum replacement may be used instead. 

Taking time zero as the time at which EBs are exposed to appropriate differentiation factors, step (b) 
will geiierally last between 1 and 30 days, and typically at least 3 days {e.g. around 7-14 days). 

Cells will usually grow in step (b) in adherent culttire. It is preferred to maintain adherent culture for 
all or substantially all of step (b). A typical starting concentration for step (b) is between 10* and 10^ 
30 cells per ml of medium. 

The process of the invention produces SPC*^ cells from stem cells, via EBs. The cells are described 
in more detail below. To maintain the SPC*"" cells after differentiation from EBs, serum-containing 
or serum-free media may be used. 
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OveraU the ceUs obtained ftom step (b) may be a heterogeneous populadon e.,. 
Overau. ine _„t«nin,T SPC^' cells If a more homogenous population is desired, 

cells of the invention, but also contaimngSPC ceus-uam r.n enrichment and 

X /UN fiirther treated to remove contaminating ceUs. Cell ennchment ana 

„„ AE2:««cific m^ers), of g«.etic election, of selective grow* n«d,a, or of selective la 
this way. >95% pure cells may be obtained. 

a e at least 10* of the stem ceBs differentiate mto SPC cells) or mgner I s 

60%, 70%. 80*. 90%. 95% or mo.). Ibus the invention provides a ^"-"^ 
L cells in«> SPC^ celb. wberein ti,e prop^on of stem cells wbch become SPC cells ^.0% 
(f.g. 20%. 30%. 40%. 50%. 60%. 70%. 80%. 90%. 95% or more). 




The starting stem cells 
used, particularly where autologous AE2 cells are desned. 

Methods for obtaining suit^le stem cells and for maintaining them in an undifferentiated state) 
prior to use in the process of the invention are well known. 
HSce,lsa«cellsaeHvedi.membryoswMcbcanpropa.«i^^^^ 

-^r:rrisT.t:x/-- ^ - - — 

animal. Munne liJ> ceiis l^.^- a^*- j „ , r ^ ^^fc oo to 391 ES cells are 

non-embryonic cell types. 

„f ..urine ES cells knowledge on the growth and differenfauon of human ES cells IS advanc l g 
TZZT^ non-hnman patients are «. be treated or stirdied. however, stem cells from 
ter IfaZ .r<^ ^ ™' ^ Non-human stem cells 

iTal" 1 humans in conjunction witi, xenotransplantation compatibiht, .echn.,ues. 



15 



20 



25 



30 



For administration to humans, it may be preferred to use autologous ES cells. These may be prepared 
by, for instance, preparing an embryo by somatic cell nuclear transfer from a patient, and deriving ES 
cells from the embryo. Autologous somatic stems cells may also be used. 

Because the provision of large quantities of material for therapeutic use is advantageous, die stem 
5 cell is preferably capable of prolonged proliferation in vitro. 

The stem cell is preferably a human ES cell line which is eligible for US federal funding according to 
criteria oudined by President Bush in his address of 9th August 2001. More preferably, the stem cell 
is one which can be obtained from the NIH Human Embryonic Stem Cell Registry [43]. 

Artificial alveolar tissue 

10 The process of the invention produces SPC"*"''* cells from stem cells, via EBs. Thus the mvention 
provides an isolated SPC"^''* cell differentiated in vitro from a stem cell, such as an ES cell. 

SPC expression is a characteristic of AE2 cells, but the cells produced according to ihe invention do 
not necessarily show all the characteristics of AE2 cells. As well as being SPC^''^ it is preferred that 
the cells produced by the method of the invention have one or more of the following phenotypes: 

15 SPA'"''^; SPB^''^; SPD"*^''^ possesses lamellar bodies in the cytoplasm; capable of synthesising and 
secreting (and preferably recycling) pulmonary surfactant; able to differentiate into AEl cells; 
phagocytic; able to proliferate; can bind to AEl cells; can bind to fibroblasts; cuboidal shape; 
capable of secreting lysozyme; expresses one or more of alkaline phosphatase, catalase, Na"^/K'*" 
ATPase, cytochrome P450 monooxygenase, glycoproteins recognised by Maclura pomiflerae lectin; 

20 stains positive witii modified Papanicolaou method, phosphine 3R, tannic acid; and/or capable of 
regulating hypophase pH and [Ca^^. The cells are most preferably AE2 cells. 

These phenotypic properties may be manifested in vitro and/or in vivo, and it is preferred tiiat they 
are manifested in vivo. 

The cells of the invention are preferably murine or human cells. 
25 the cells of the invention are preferably non-tumorigenic. They may have a normal karyotype. 
The cells of the invention may be clonal. 

Cells of the invention may be in the form of an aggregate or cluster, or in the form of separate cells. 
Cells in a cluster are preferably present in tiiree dimensions {Le. not as a single layer of cells). 

The invention provides a collection of cells, wherein the collection comprises cells of tiie invention. 

30 Within the collection, at least 95% of the total number of cells (e.g. at least 96%, 97%, 98%, 99%, 
99.5%, 99.9% or more) should be SPC'^ cells of the invention (e.g. 100%). Thus the invention 
provides a collection of cells which are entirely SPC**^^* cells. Previous methods of purifying AE2 

cells from. lung-tissue. [e.-g.-refs...6-to. 10].do.not achieve more.than.about-95%.purity,. . . _ - . - - . - . 
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The ceUs in the collection are preferably of a single genotype or baplotype. 
The collection or cluster preferably lacks undifferentiated starting stem cells. 
T^e collection or cluster preferably lacks epithelial cell types, fibroblasts and/or endoti^elial cells 
vasculature). 

5 ThecoUection preferably mctadss at least 1000 SPC™ceU». 

The invction provides a collection of cells, wherein *e coUection co^oprises SPC~ cells and 
ThUin the nler of said SPC™ cells per gran, weight of all ceHs in the coUecon .s at least 10 
(e.g. at least itf, at least 10'°, at least 10". at least 10«eK.). 

A conection of cells may addidonally include AEl cells and/or mesenchyme. A ^^^^■«^2 
,0 of cells conrpdses AE2 cdls, ABl ceUs, vasculanne and sappcrtng n,a,hces. arrang«l substanUaDy 
identically to natural lung tissue. 
• He cells, conections and clnsters of the invention may be located in virr. or in vivo. When i» virro. 

they may be in isolated form. 

Tl. cells, and collecdons and clusters thereof, are nsefcl for pulmonary therapy and for in virro 
1 5 studies of alveolar function. 

ne invention provides lung tissue comprising a cell of ^ invendon. In particular, dre invendon 

^v^des composing lung dssue comprising a eel, o,*e invendon a. an alveolar surface thereof. 

The invendon provides a cell culture comprising SPC'" cells, wherein the mass of said cells wrdnn 

the culture is at least 10 grams ie.s. 20. 50, 100, 500, 1000, 2000. lOOOO g). 
ao ™e invendon provides a cell c^d^e comprising SPC- cells. v,he,eind,e pro^^^^^^ 

cells compared to to total number of ceBs in fte medium is 95% or greater 96%. 97*. 98*. 

99%, 99.5%, 99.9% or more). 

• 1 cpr+ve pf.li wherein the telomeres in the cell are longer than tiie 
The invention provides an isolated SPC ceu, wnerem rac iciui 

telomeres in a SPC*^' cell found in vivo in Inng tissue of the same species. 

25 Therapeutic methods 

CeUs of d. invendon are Stable for inducing lung dssue regeneration^ Wv.. m,s *e mvendon 
p^videsamedrod of deadng.padent, comprising administcringcells of memvendon tome padent. 

The invention also provides tire cells of *e invention for use as a medicament 

m invention also provides d« use of the cells of tire invention in tire manufacmre of a medicament 

30 for treating a patient 




For therapy, the ceUs are preferably in the form of single cells, rather than a cluster or a collection of 
cells of the invention. 

The invention also provides a syringe containing cells of the invention. 

CeUs of the invention may be encapsulated e.g. in an alginate hydrogel [44] or in any other 
5 biodegradable and biocompatible material (e.g. polyaactide-co-glycolide) TLG"). The encapsulated 
cells may include appropriate soluble factors e.g. for promoting engraftment in the lung, or for 
repressing differentiation of AE2 cells to AEl cells (see below) prior to engraftment. 

Cells are preferably administered to the distal lung oi a patient. They may be administered direct to 
the distal lung, or they may be delivered remotely, after which the cells are transported to the lung 
10 where they 'dock'. 

Cells of the invention are also suitable for inducing lung tissue regeneration ex vivo, for instance in 
tissue prior to transplant. Thus the invention provides an ex vivo method for modifying lung tissue, 
comprising adding a cell of the invention to said lung, preferably to an alveolar surface. 

The number of cells to be delivered in vivo or ex vivo is based on a number of parameters, including: 
15 the body weight of the recipient, the severity of disease, and the number of cells surviving within the 
subject. A typical number of cells may be around 10^ to 10^ cells per kg body weight. It may be 
necessary to repeat infusions of the cells over several months to achieve the necessary cumulative 
total mass and/or to replace cells which are dying. 

The cells will be delivered in combination with a pharmaceutical carrier. This carrier may comprise a 
20 cell culture medium which supports their viability. The medium will generally be serum-free in order 
to avoid provoking an immune response in the recipient. The carrier will generally be buffered and/or 
pyrogen-free. 

Procedures for the preparation of cells of the invention for transplantation into a subject may include 
methods of protecting cells against an inflammatory response by the transplant recipient. For 
25 instance, the cells of the invention may be co-administered with anti-inflammatory agent(s). The 
cells may be delivered in conjunction with an anticoagulant {e.g. heparin) and/or with human serum 
albumin (preferably recombinant), typically in the same injection. Encapsulation may also be used, 
as described above. 

The ceUs of the invention are preferably matched (e.g. by HLA-typing) to the recipient patient in 
30 order to avoid rejection. This can conveniently be achieved by preparing the cells from stem cells 
which are compatible with the recipient. For example, the stem cells could be derived from the 
recipient e.g. adult stem cells, or autologous ES cells prepared as described above. If cells are not 
weU matched, they may be administered together with an appropriate inununosuppressant 
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mcluded within the invention are methods and uses in which iiiunature ceUs are transplanted into a 
recipient, where they subsequently mature into ceUs of the invention. Unlike the mature ceUs, the 
immature cells may not ti>emselves be SPC^ cells, although they will become so m vivo. 

In vitro investigative methods 

The ceDs of the invention are essentially artificial alveolar tissue, although tiiey do not necessarily 
exhibit all the characteristics of alveoli. Because of tiieir ability to secrete SPC (and, mdeed. other 
components of pulmonary surfactant), ±c cells can be used instead of alveolar tissue in in v^tro 
screening assays. Cells of tiie invention are thus suitable for in vitro smdies of alveolar tissue, 
me invention provides an in vitro assay (..g. for assessing the effect(s) of a test substance on 
alveolar pneumocytes). comprising the steps of (a) incubating a test substance witfi cells of the 
invention, and (b) detecting changes in said cells. 

The substance may be a single compound or a mixture of compounds. T^ically. it will be a pollutant 
ie.g. occupational or enviromnental) or a toxin. Components of cigarette smoke may be used. 
Step (b) involves comparing cells after treamient witii tiae substance to starting cells, with changes ' 
being caused by exposure to the substance. Various methods may be used for detecting the changes. 
At one extreme, detection of cell deatii ie.g. by necrosis, lysis, apoptosis etc.) is easily detected. 
Where cell deatii does not occur, other changes may be detected, such as: changes in morphology e.g. 
detected by microscope; changes in gene expression e.g. detected by Northern blotting, by SAGE, by 
microarray profiling etc.; changes in changes in protein expression e.g. detected by Western blotdng 
by immunoassay, by 2D-PAGE etc, changes in genetic strucmi. e.g. detected by standard 
genotoxicity assays; etc. The change may be one or more of the following: secretion of pulmonary 
surfactant; up-regulation of SPA. SPB, SPC and/or SPD transcription and/or translation; or cell 
proliferation and/or differentiation. The change may be monitored directiy or indirecfly. 
. The changes in step (b) may also be used to provide information on the etiology of pulmonary 
disease in the alveolar region of the lung. 

Cells of the invention may also be used for investigating mechanisms of lung repair and/or 
xegeneration. For instance, known pulmonary toxins could be administered to cells of the invention 
and then test substances could be assayed for tiieir ability to ameliorate tiie toxicity. 
Cells are also useful for screening for pharmacologically active substances. In such cases typical test 
substances are compounds which include, but are not restricted to, peptides, peptoids. proteins 
lipids, metals, nucleotides, nucleosides, small organic molecules, antibiotics, polyamines, and 
combinations and derivatives thereof. Small organic molecules have a molecular weight of more tiian 
50 and less tiian about 2.500 Da. and most preferably between about 300 and about 800 Da. Complex 
--mixtures of substancesr sueh-a^-extracts- containing- natural-products; or- the-products. of-mixed- 
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combinatorial syndeses, can also be tested arid the component ttiat causes secretion can be purified 
from the mixture in a subsequent step. 

Test substances may be derived from large libraries of synthetic or natural compounds. For instance, 
synthetic compound libraries are commercially avaUable from Maybridge Chemical Co. or Aldrich. 
5 Alternatively, Ubraries of natural compounds in the form of bacterial, fungal, plant and animal 
extracts may be used. Additionally, test compounds may be synthetically produced using 
combinatorial chemistry either as individual compounds or as mixtures. 

The screening method may be in a high-throughput format. Preferably, all the biochemical steps for 
this assay are performed in a single solution in, for instance, a test tube or microtitre plate, and the 

10 test compounds are analysed initially at a single compound concentration, for the purposes of high 
throughput screening, the experimental conditions are adjusted to achieve a proportion of test 
compounds identified as "positive" compounds from amongst the total compounds screened. The 
assay is preferably set to identify compounds witii an appreciable affinity towards the target e.g.. 
when 0.1% to 1% of tiie total test compounds from a large compound library are shown to bind to a 

15 given target witii a Ki of lOfiM or less (e.g. IjiM, lOOnM, lOnM, or less) 

The invention also provides a compound identified by the metiiod of tiie invention, optionally in 
combination witii a pharmaceutical carrier. The compounds may tiiemselves be useful 
pharmaceuticals or tiiey may be useful lead compounds for development into pharmaceuticals. They 
are preferably organic compounds. The invention provides a compound identified by tiie metiiod of 
20 tiie invention for use as a medicament, and the use of a compound identified by tiie method of tiie 
invention in tiie manufacture of a medicament for treating alveolar dysfunction. 

AEl cells 

AE2 cells can proliferate and can differentiate into AEl cells [5]. Thus the invention provides a 
metiiod for preparing an AEl cell, comprising tiie step of culturing a cell of tiie invention under 
25 appropriate conditions. The process preferable occurs in vitro. 

Genetic manipulation of cells 

A stem cell may have been genetically manipulated prior to use in tiie process of tiie invention. 
Similarly, differentiated derivatives of the stem cells may be genetically manipulated after the 
process of the invention has been performed. This may involve activation or over-expression of 
30 endogenous genes and/or introduction of exogenous genes. 

Suicide genes A cell may have been genetically manipulated to include a "suicide gene". This 
provides a metiiod of selectively killing cells which may persist in cell preparations to be 
administered to patients (e.g. undifferentiated stem cells), or all cells (differentiated or 
_iindifferentiated)-derived-from--tiie-stem-ceUs-as-a-failsafe--mechanisin..to-destroy_tiie_cells-^ 
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10 



15 



„.,««.ao„ Smdd. g»es encode p«ein pro4.c« *at hav. no appreciable direct effect on 
"^rin but Jch ate capable of conftmng toxicity by their abiMty to convert otherwrse 

baa b«=n develops) a, a means of rendmng cancer cells more sensrbve to chemotherapeubcs and 
^TaX of retroviral gene fl,erapy. Several combinations of snrcde gen« and 

Xs L I™ i» - t... ref. 451 and indnde: E.C.U ^^^-^ ^ 
^ytosine.. HSV thymidine Kinase . ganciclovir or acyclovir; E..oU I^^^^- 
L The ^cide gene is pretembly under the control of a promoter expressed m und.«e,enti«ed stem 
l^r^Lnndesirablef^.ransplantadon(...»morsort„morigeniccel.s^^ 

^Ulated ceUs can be removed ftom cotare by using the approprrate prodmg wrfhont 
"::^:^«.Porn.easafai,sa.mechanismto allow selecave^ingofat^^^ 

ft^en* (e . where the tr^splant isfonnd to be hamrW in a recipient), however. *e sutc^ g^e 
^iCn^y be under the con«,l of a consatndve protnoter. although dssue-spec^c or .nducrble 

promoters may be used. 

A stem cea ma, have been geneUcally 7*"''-; » 
^^^^I^:^:— ption ^.cor) which promotes diffe«nda.ion o, the st^ ceH ..^ a 
Lu m step a) or step (b). The same strategy may be used to ma,nta,n and/or stahhse a SPC 
:1:.:1U^-SP">— may.con^^^^^^^^^^ 
„ so tot it occurs in a derivative of the stem cell (.e.g. m EEs). Conversely. ' 
gene.ic.ny manipulated such that it under-expresses or does not expres^^ a ^ 
LsCpl .ctor> Which ei.er ^^^^ ZZTZ^^^^ 

rru.:b:"rg::= 

„„.„^...,..^„„.„H^Hcbment A cell may have been geneUcaUy manipulated to J'^- 
^ ^Xftage selection, atechni^ which specifically selects a desired eel, type .... b^ on 

;:ri::e „ot res-riL to. drug selectable genes ... the 0^-^;^^^':^^ 
0 HPRT hygro. puro). visible markers such as fluorescent protems (..g. GFP. DsRed) and g 
M^^e;^on by aut^ated cell sorting genes encoding eel, surface anbgens). 
A cell ma, have been geneticany manipulated to h^ert markers suitable for enrichment of cells ft^^^ 

— -invention-dergrby FAGS).- - 



-11- 



rnmpatibilitv A cell may have been genetically manipulated so that expression of reactive antigpns 

is reduced or eliminated. For instance, genes which encode auto-antigens could be knocked out, or 

they could be inhibited using antisense techniques or RNA sUencing (.e.g. RNAi). 

The genetic manipulations described above may be used singly, or two or more may be used in 

combination. 

Genetic manipulation of the cell may occur through random integration into the genome or by gene 
targeting. As an alternative the manipulation may, where appropriate, use an episomally-maintained 
vector (e.g. a plasmid). Transfection of ES cells, including human ES cells [21], is well known. 

For random integration, vector(s) which encode the relevant polypeptides may be introduced into the 
ceU. Typically, an expression vector comprising a gene promoter operably linked to DNA encoding 
the relevant polypeptide would be used. The coding DNA may be cDNA, genomic sequences or a 
mixture of both. The promoter may direct constitutive or inducible expression and may be tissue- 
specific. Examples of constitutive promoters include the promoters from P-actin, phosphoglycerate 
kinase (PGK), glycolytic enzymes, elongation factor la (EFla), or SV40. Examples of inducible 
gene promoters include systems composed of a chimeric transactivator that reversibly binds to the 
promoter region of the expression construct in response to a drug or ligand {e.g. doxycycline. 
ecdysone, mifepristone, tetracycline, FK1012, or rapamycin). 

An alternative to random integration is the precise alteration of genes in situ by homologous 
recombination, termed "gene targeting". This is the precise predetermined modification of genes by 
homologous recombination between exogenous and endogenous DNA. Gene targeting can be used to 
insert, replace, rearrange or remove chosen DNA sequences in cultured cells, most commonly 
embryonic stem cells [e.g. ref. 50]. In some circumstances gene targeting may be preferable to 
simple introduction of an expression vector at a random site because the genetic modification can be 
predetermined to avoid any deleterious effect (e.g. oncogenic transformation) that would reduce the 
therapeutic value of derived cells'. 

Gene targeting may be used to achieve constitutive or inducible expression of a gene of interest by 
modifying or replacing tiie natural promoter or otiier regulatory regions of that gene. For example, a 
gene promoter may by replaced with a constitutive or inducible proniotfcr or elements which direct 
constitutive expression may added adjacent to the endogenous gene promoter. Metiiods to achieve 
such modifications by gene targeting, including in ES cells, are well known in die art. 

It is also possible to perform genetic manipulation on a cell other than a stem cell, and tiien to 
transfer that genetic manipulation into a stem ceU (e.g. by transfer of a nucleus into an enucleated 
stem cell) or into an embryo (.e.g. by ti-ansfer of a nucleus into an enucleated oocyte) which can give 
rise to a stem cell. Both of these approaches indirectly give a genetically-manipulated stem cell. 
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AUern^^esUpia) ^ ™, l« c<«»l»ed wia> lung 

As an alternative to forming EBs m step w. ^ 
mesenchyme. Embryonic lung mesenchyme is particularly suitable. 

H^eSshowsPCRamplificationofMctingeneinasinglesamplewi^increasingcyc^^ 

. « w RT PGR results for cells differentiated through EBs. Figure 4 shows the results 
Figures 4 to 6 show RT-PCR results tor ^^^^ amplification. 

of a first PGR amplification, with figure 5 showing the results 

10 Figure 6 shows the presence of p-actin. 

HgureVshows the results of digestion of thePCRproductsfromFigures4to5. 

uc nf RT PGR for cells differentiated without EB formation. The 
Figures 8 to 10 show the results of RT-PCK lor ceiib 

figures parallel figures 4 to 6. 

u o« rell-derived cell cluster grown in SAGM, 
Figure 11 is a high power photomicrograph showing an ES cell denvea 

15 immunostainedforSPC(bar = 80nm). 

H^. n is an ^ of a c^plasmic organCe wi*in sue. a c.«s^. wi. «>e 

ctaac^risdc sm-cture of a AE2 lamellar body visible (bar = 100 nm). 

MODES TOK CAKRVING OUT THE INVENTION 
CuUiireamldlff'renluitionofEScetb 

„„„a«.on.l.^^^ 

were maintained m ES cell medium L'^ g r.rhrwlosies) supplemented with 10% fetal 

V, 1 nin or O'JIOO fix)m Invitrogen Life Jecnrioiogieij w^jf 

25 lOOU/ml; streptomycin lOOng/ml); no tryptose broth]. 

Xop.n,o.>^.celUo™a.on.BSce,.swe„fi«U„a„cea»«^^-J^^^^^^ 
„eai»mviaEBf— .F«*is.co„fluen.c^l».so^n^^^^^^^ J^^_^^ 
^si„ digestion (0.05* -,P^n; 0.53 BDl^ . 0.1 M ^^^^^ 

30 non-adherent bactenal grade Petn dishes m differentiating ES cells 

to the dish surface after 8-10 days of culmre and the J ^^^^^^^^^ end of each- 
wer^fed-on-altematBdays-withEScellmedium-for-penodsof-10-.20 
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time period. ceUs were either maintained in ES ceU medium or were transferred into 'SAGM' 
medium (Biowhittaker. WatersviUe, MD) designed for ttie growth and maintenance of mature distal 
lung epithelium, at an initial ceU seeding density of 5 x 10^ cells/cm^ SAGM consists of basal 
medium plus the following factors: 0.5 mg/ml bovine serum albumin, 5 jig/ml insuUn, 10 pg/ml 
5 transferrin. 30 ng/ml bovine pitcutary extract. 0.5 Mg/ml epinephrine, 6.5 ng/ml triiodothyronin, 0.1 
ng/ml retinoic acid. 0.5 fig/ml hydrocortisone. 0.5 ng/ml human epidermal growth factor and 
antibiotics (gentamycin sulphate 0.05 mg/ml; amphotericin-B 0.05mg/ml). Following incubation for 
3 or 14 days, as arbitrary short and long growth intervals, cells were collected for analyses. 

In parallel experiments. ES cells were induced to differentiate by LEF removal alone without 
10 formation of EBs. This process encourages Accumulation of primitive endoderm-like cells on the 
outside of undisrupted ES cell colonies. CeUs were passaged continually several times (from passage 
number 13 through to 20) before being maintained in ES cell medium or transferred to SAGM and 
sampled as for EB-darived Clotures. 

Undifferentiated ES cells grew in tightly packed colonies. Routine daily examination revealed 
15 changes in the appearance of the cultures following induction of spontaneous differentiation, 
regardless of the route used i.e. whether via EB formation or UF removal alone. In outgrowths of 
cells from each adherent EB, it was possible to see differentiation into a variety of cell types, 
including epithelial cells and twitching muscle cells. However, following trypsinization and 
subsequent culture in the same medium (ES cell medium), the cells appeared to be organized into 
20 two areas with distinct moiphblogies - small round ceUs with a large nucleus-to-cytoplasm ratio 
arranged in groups or islands, and others witfi fibroblastic appearance fiUing the spaces between 
groups of small cells (Figure 1). Transfer into SAGM caused a reduction in the number of small 
groups of cells, presumably due to cell death, and resulted in the spaces between the groups being 
filled with fewer and more flattened cells (Figure 2). 
25 During culture, cells were examined daily under an inverted light microscope. At the end of each 
period of culture in the two different media, cells were sampled in order to detect type H 
pneumocytes by: 

a) reverse transcriptase-polymerase chain reaction (RT-PCR) for SPC mRNA, a specific marker 
for this cell type, 
30 b) inununocytochemistry for SPC and 

c) transmission electron microscopy (TEM) for detection of lamellar bodies, which are the sites 
of surfactant protein storage and are thus characteristic of AE2 cells. 

SPCmRNA expression 

RT-PCR was carried out on RNA extracted from differentiating ES cells cultured in ES cell medium^ 
-35 SAGM after 1U -. iU- aiid-30=a^fr^difl ierenbation tod -pgWfl^1!^ES-^gn-!BBa!om^Tg^a^RNA- 
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„as ««c.ed ftom a» oolW oens udng TW^l Technologies) following U,e 

mle,-. ins^ncaons. l^ennosoript RT-PCR S,«em (Uf. Technolo^es) was us^ o 
:lesi. CDNA m .0.31 RNA. OHgo(dI^ was use. «, p*ne RT reacnons wta^ 
isaoe cDNA «. bePCR amplified wia. dift^. ^ of gene-speciic prm,e^^lMl cDNA s^p^=s 
t^KT reaction) v»e amplified wifl, primers selective to, murine SPC and Mc«n us,ng *e ho 
GoM DNA polymerase (PB Applied Bios,s»ms Inc). To eo.re *a. only cDNA and 
TaT^^ndal con«minating genomic DNA was amplified. SPC PCR primers were desrgned to 
:^Lns or » am^a, acn». exo./e.o„ houndaHes. ftimer sciences and *e amphoon lengU, 
are given in the following table: 




10 



15 



20 



25 




T .0 ul PCR reaction mix. the final concentrations of MgCl. and dNIPs were 2.5 mM and 

0 1 nL res« - — was performed in a PerKin Elmer GeneAmp PCR System 

40rDXUd DNA dena^aUon and .e activation of Am,iTa. Gold ^^^^^^^^^ 

..carriedontat..CforlOminn^.followedh.33.^^^^^^ 
nrimeranneaUnga.56»C(10s)andpnmerex«nsionan2C(30s)^l Mi o 

Llified for flrtrer 15 eydes in a nes«d PCR reaction. A period of 7 mrnutes pos.-PCR ex.ens,on 
r-^trcarriedou.«Iboti,PCRreactions.PCRj^c.wercsepara«d^ 

visualised by ethidium bromide fluorescence. 

Hgure 4 shows .he SPC amplicons a«er 35 cycles of PCR .h.m cDNA " 
LLlen. of 50 ng of RNA in cells initially culti^d in ES cell medium for 30 days. Cells 
ZZI L L cell medium are shown in lanes 1 and 2 (3 and 14 days c„l»»e in ES ceU n,e4um 

e ' ttiveW. cells cultined in SAGM are shown in lanes 3 and 4 (3 and .4 days culmre) . Lane 5 .s a 
coL amplified <^m adul. murine lung cDNA. Wealc hands are 

but no bands were visible in cells pown only in ES cell medium. Tl»refore only S AOM-«a,ed cells 

expressed SPC. 

SPC expression was firr*er smdied by nes»d PCR for an additional .5 cycle,. " 

, • rr;m„-<. A <iPC amolicons are visible in cells grown 

FioureS with the lanes being the same as in Figure 4. bPt. ampnconb 

Xn^ce,lmedium,buta.amuchlowerleve,ti,an^^-nn^^^ 
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The nested PGR results confirmed the specifidty of the SPC ampUcon. and specificity was further 
verified by analysis of StuI restriction enzyme digests. As expected. StuL cut once to give products of 
224 bp + 71 bp and 181 bp + 71 bp for &e SPC and nested amplicons, respectively (Figure 5). 
To determine non-saturating PGR conditions for P-actin. the gene was amplified for 19. 22, 25. 28 & 
31 cycles in triplicate using RT-material from a single sample first Digital images of ethidium 
bromide-stained gels were captured using the Bio-Rad Ftuor-S Multilmager system, which consists 
of an enclosed flat-bed UV light seamier and CCD camera, connected to a con^uter. Images were 
analyzed using Bio-Rad Quantity One quantitation software, which allows detection of the individual 
bands and subtraction of background noise, yielding intensity values due solely to the gene-specific 
ampUfied products. The Unear range of PGR amplification was best after 22 cycles (Figure 3). PGR 
was thus performed for 22 cycles on all cDNA samples, and revealed similar levels of the 
housekeeping gene. P-actin. for all four treatments (Figure 6). The mean sample fluorescent 
intensities were 486 ± 27. 448 ± 30. 462 ± 19. 483 ± 78 (SEM; N=3) (Figure 6, lanes 1-4). 
For cells initially culmred in ES cell medium for 10 or 20 days and then transferred to SAGM. bands 
15 could not be detected either with 35 cycles of amplification or with nested PGR. 

For cells which did not progress through EBs. SPG amplicons were not detected. Figure 9 shows the 
lack of amplicon after 35 cycles of PGR, and Figure 10 shows the same lack after additional nested 
PGR Lane 1 shows cells cultured in ES cell medium after LIF removal and lane 2 shows cells 
cultured in SAGM after LIF removal. Lane 3 is a positive control (adult murine lung cDNA). Figure 
20 1 1 shows that p-actin cDNA was present in all samples. 

Control reactions in which reverse transcriptase was omitted from the RT step wei^ negative. 
Therefore optimum conditions for producing SPC^^ cells involve: (a) differentiation via EBs; 
(b) more than 20 days of culture, and prefembly at least 30 days, for producing the EBs; .(b) transfer 
of the EBs into SAGM medium foUowed by culmre for more than 3 days. 

25 SFC protein expressum 

Cells grown in multi-chamber slides were rinsed twice in phosphate-buffered saline and fixed in 4% 
parafonnaldehyde at room temperature for 30 minutes. Immunofluorescence staimng of culmred 
cells was carried out using rabbit polyclonal antibodies to SPC (Ghemicon, Temecula. GA; overnight 
incubation at dilution 1:200). The second layer comprised FTTG-conjugated goat anti-rabbit IgG 

30 (dilution 1:200; Sigma). Preparations were viewed under an Olympus BX-60 microscope. 

Scattered immunoreactive cells, single or in clusters, were seen in cultures grown in either ES cell 
medium or SAGM. Figure 1 1 shows a cell grown in SAGM (bar = 80nm). 

Variability in the quality of the immunostaining and t he clumping of cells precluded any quantitative 
analysis. 
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CeUularuJtrastructure , ^ <, 

Brter co,*^«ion of alveolar We eP^e-i- a*-*'"- """T 
I^:. Cens we. rl^ twice in p.ospha«-b«fi^ saline and fixed In ^e^. 
0.1M phospha. PH 7^ for 25 — washed *ree In-es In 0. ^^^^l^^J^^^ 
, 0 IM Lcrose and post fixed in 1% osmium tetroxide in 0.1 M phosphate buffer. Followmg wo 
Tho^hate ^ with sucrose. d,e cells were scraped ftom .he weUs. — » 
HZ .1 1 cen^ifi.^. Pellet we. deh,dra«d .hrou^ a graded senes o, alcoh* 
« by propylene oxide and embeds in Ar^dite resin. U,.a-*in secbons o, s, e.go^ 
tal^eren Jc^loL were stained with 4% urany, acetate in methanol and observed m a 2e.ss 10 CR 
1 0 electron microscope. 

Figure 12 (bar = lOOnm) shows that cells include os»iophfflc lamellar bodi« composed of 
Figure t^oar addition, extrusion of tubular myelin 

AE2-typical concentric laminae after growth m SAGM. In addioon, ex 

could sometimes be seen. 
SAGM dissection 

,5 SAGM cousins ofaserum-fteebasal medium ^pplemented with: BPE. hydro™ (HQ^^. 
epinephrine (EP«. — n. insulin, rednoic acid (RA), -"^'^^^^^^'^^^ZZ 
Iphotericin-B and BSA-FAF. Six of these components were -moved .n^y from SAGM 
JLt on AB2 derivation was assessed by quantitadve PCR of SPC mRNA (F.gure 13). 

Comoated wid. basic medium (GMEM ^ 10* fetal calf semm), SAGM showed a >100% increase in 
Compared wim oasicmcuiu v mRNA levels i.e. these factors 

20 SPC mRNA. Removal of most SAQM components mct^d^C - 
have suppessive efltets on SPC expression. Removal of hEGF, however, retl 
suggesdrg that this rowd> factor sdmulates SPC exptession. SAGM mtnus the suppresstve factors 
a preferred medium. 

in a later experiment. ES cells were grown in b^c medium for .0 ^^^ -^XsT^^^!^^ 
.5 basic medium or transfetred to (i) complete SAGM; OS SAGM minus HC; - ^-^SAGM .mnu^^^^ 
No SPC mRNA was detecBd in cells grown in basic medium or complete SAGM, but .t was 
in cells grown in modified SAGM, indicating differendation to give AE2 cells. 

It will be undetstood that dte invendon has been described above by way of example only and *>« 
modiflcadons may be made whilst «=mataing wiftin the scope and spirit of dte mvenbon. 
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SEQTJENCE LISTING 

SEQIDl: 

TAT GAC TAG CAG CGG CTC CT 



SEQID2: 

5 GAA CCT ACT GCT ACA TCA TGAAGA TG 



SEQID3: 

GTT TCT ACC GAC CCT GTG GA 



SEQID4: 

GTC GTA CCA CAG GCA TTG TGA TGG 



10 SEQID5: 

GCA ATG CCT GGG TAG ATG GTG G 
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CI.AIMS 

1 A process for causing a stem ceU to differentiate into a ceU which expresses surfactant protein C 
(SPC), the process comprising the steps of: (a) culturing the stem cell to give an embryoid body; 
and (b) culturing the embryoid body under conditions which cause it to differentiate into cells 
5 which express surfactant protein C. 

2. The process of claim 1. wherein stem cells are grown initially in step (a) in suspension culture. 

3. The process of claim 1 or claim 2. wherein embryoid bodies formed in step (a) are exposed to 
differentiation factors. 

4. The process of any preceding claim, wherfein step (b) takes place in the presence of epidermal 
10 growth factor. 

5. The process of any preceding claim, wherein step (b) takes place in the presence of SAGM. 
.6. nie process of any preceding claim, wherein the stem cell is an embryonic stem (ES) cell. 

7. A SPC*"* cell differentiated in vitro from a stem cell. 

8. A collection comprising a plurality of cells, wherein at least 95% of the total number are SPC^^ 
15 9. A cell culture comprising SPC^ cells, wherein the mass of said cells within Ae culture, is at least 

10 grams. 

10. An isolated SPC-= cell, wherein the telomeres in the ceU are longer than the telomeres in a 
SPC*"" cell found in vivo in lung tissue of the same species. 

11. An ES-derived cell, in which SPC is expressed. 

20 12. A method of treating a patient, comprising administering cells according to any one of claims 7 
to 11 to the patient. 

13. Cells according to any one of claims 7 to 11 for use as a medicament. 

14. Use of cells according to any one of claims 7 to 11 in the manufacture of a medicament for 
treating a patient. 

25 15. A syringe containing cells according to any one of claims 7 to 11. 

16. Cells according to any. one of claims 7 to 11, wherein the cells are encapsulated in an artificial 
material. 

17. A coUection of cells, wherein the collection comprises SPC^' cells, and wherein the number of 
said SPC*"* cells per gram weight of all cells in the collection is at least 10^ 

30 18. An in vitro assay comprising the steps of (a) incubating a test substance with cells according to 
any one of claims 7 to 11. and (b) detecting changes in said cells. 
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19. A method for preparing an AEl cell, comprising the step of culturing ceUs according to any one 
of claims 7 to 11 under appropriate conditions. 

20. A process for differentiating stem cells into SPC^^ cells, wherein the proportion of stem cells 
which become SPC*"' cells is more than 50%. 

5 21 A process for causing a stem cell to differentiate into a cell which expresses surfactant protein C. 
the process comprising the steps of: (a) co-culturing the stem cell with Imig mesenchyme; and (b) 
culturing the cell under conditions which cause it to differentiate into a cell which expresses 
surfactant protein C. 
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ABSTRACT 

Stem cells are induced in culture to form cells which express surfactant protein C (SPC), thereby 
offering a convenient and abundant supply of alveolar tissue without requiring lung donation or the 
use of cadavers. 
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